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SUMMARY 


This  note  describes  a  method  of  calibration  and  use  of  five-hole 
flow  direction  probes.  When  used  in  complex  three-dimensional  mixed  flows, 
the  probe  will  furnish  flow  directions,  velocity  components  and  total  pres¬ 
sures.  The  method  described  in  this  note  is  intended  for  the  use  of  the  wind 
tunnel  project  engineer  in  determining  flow  direction  characteristics  of 
various  model  configurations. 


RESUME 


La  presente  note  decrit  une  methode  d’etalonnage  et  I’emploi  de 
sondes  de  direction  a  cinq  trous.  Utilises  dans  des  ecoulements  mixtes 
complexes  a  trois  dimensions,  ces  sondes  foumissent  les  directions,  les 
composantes  vitesses  et  les  pressions  totales  des  ecoulements.  La  methode 
decrite  est  destinee  a  l’ingenieur  de  soufflerie,  pour  lui  permettre  de  deter¬ 
miner  les  caracteristiques  des  directions  des  ecoulements  de  divers  profils. 
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SYMBOLS  (Cost’d) 

Definition 

empirical  static  pressure  parameter 

empirical  dynamic  pressure  parameter 

resultant  flow  velocity 

tunnel  velocity 

local  flow  components 

local  and  tunnel  dynamic  pressure 

inclination  of  the  flow  vector  in  the  combined  pitch-yaw  plane  (0  <  6  <  +90°) 

roll  angle  of  the  flow  vector  in  the  cross  flow  plane  (0  <  0  <  360°)  (measured 
clockwise  from  downward  vertical  axis) 


P 


pitch  angle  of  the  local  flow,  in  the  plane  of  orifices  one  and  three 
yaw  angle  of  the  local  flow,  in  the  plane  of  orifices  two  and  four 


CALIBRATION  AND  USE  OF  FIVE-HOLE  FLOW  DIRECTION  PROBES  FOR 
LOW  SPEED  WIND  TUNNEL  APPLICATION 


1.0  INTRODUCTION 

The  five-hole  flow  direction  probe  is  normally  used  to  explore  complex  three-dimensional 
wakes  which  may  be  characterized  by  mixed  regions  of  propulsive  flow  from  jets  or  propeller  slip¬ 
streams,  and  vortex  flows,  resulting  from  circulation-induced  lift.  These  wakes  are  known  to  have  a 
large  variation  of  flow  direction,  flow  velocity  and  total  pressure,  and  it  is  convenient  to  be  able  to  use 
a  single  probe  which  will  measure  alll  of  these  quantities  simultaneously,  accurately,  and  without  the 
necessity  of  nulling  the  individual  side-hole  pressures. 

The  probe  configuration  described  in  this  report  consists  of  five  pressure  orifices,  arranged 
in  the  form  of  a  pyramid  or  cone,  facing  upwind.  The  individual  pressures  reflect  the  effects  of  local 
flow  direction  and  dynamic  and  total  pressure.  Figure  1  shows  a  schematic  diagram  and  photograph  of 
a  typical  probe  constructed  from  standard  stainless  steel  tubing.  The  tube  faces  have  been  ground  to 
an  included  angle  of  90  degrees,  in  the  form  of  a  pyramid  in  which  the  peripheral  orifices  are  aligned 
to  planes  90  degrees  apart.  The  central  orifice,  which  measures  total  pressure,  is  ground  normal  to  the 
probe  axis. 

2.0  METHOD  OF  PROBE  CALIBRATION 

2.1  Angles  and  Velocity  Relative  to  the  Probe 

Since  this  probe  is  to  be  used  in  the  non-nulling  mode,  the  flow  impinging  on  it  will,  in 
general,  not  be  axial.  It  is  therefore  necessary  to  define  angular  and  component  velocity  conventions 
which  can  be  adapted  both  for  calibration  and  use  of  the  probe.  Figure  2  illustrates  these  angles  and 
velocities  in  the  vector  diagram,  as  follows: 

AO  is  the  resultant  flow  velocity  vector  impinging  on  the  probe,  whose  axis  is  aligned  along  OC. 
The  flow  direction  in  the  upwash,  or  a-plane  is  the  angle  BOC;  flow  direction  in  the  sidewash  or 
/3-plane  is  the  angle  DOC.  The  velocity  components  associated  with  the  resultant  velocity  VR  are 
(in  aircraft  terminology)  longitudinal  component  u  (vector  CO),  upwash  w  (vector  BC)  and  side- 
wash  v  (vector  DC). 

The  angles  6  and  <j>  are  the  pitch  angle  CO  A  of  the  resultant  velocity  vector  in  the  a-/?  plane 
COA,  and  the  roll  angle  BCA  in  the  cross  flow  plane  ABCD  respectively. 

2.2  Orifice  Pressure  Coefficients 

Before  defining  orifice  pressure  coefficients,  it  is  necessary  to  specify  a  numbering  system, 
and  this  is  illustrated  in  the  sketch  as  shown  below. 
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SKETCH  (i)  -  PROBE  ORIFICE  ORIENTATION  LOOKING  DOWNSTREAM 


•A' « * o  V. 


W! 


Looking  downstream,  the  peripheral  holes  are  numbered  one  to  four  in  a  counter  clockwise  direction. 
Holes  one  and  three  are  sensitive  to  flow  angularity  in  the  pitch  plane  while  holes  two  and  four  are 
sensitive  to  flow  angularity  in  the  yaw  plane.  The  central  or  fifth  hole  measures  total  pressure,  as 
modified  by  the  inclination  of  the  resultant  flow  vector. 

As  in  normal  wind  tunnel  procedure,  all  pressures  are  measured  relative  to  a  reference 
static  pressure,  po ,  such  as  the  working  section  static  pressure.  The  pressure  coefficients  corresponding 
to  each  of  the  probe  orifices  are: 
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pT  is  the  tunnel  reference  total  pressure,  measured  upstream  of  the  probe,  (usually  in  the  tunnel 
settling  chamber)  and  Cp  is  the  average  of  all  the  peripheral  pressure  coefficients.  Thus  pT  -  po  is 
effectively  the  tunnel  (or  ambient  flow)  dynamic  pressure,  and  is  not  measured  by  the  five-hole  probe 
but  from  the  two  auxiliary  pressure  taps.  Listings  of  the  pressure  coefficients  Cp]  to  Cp5  obtained  in 
a  calibration  of  a  five-hole  probe,  are  presented  in  Appendix  B. 

2.3  Probe  Calibration  Parameters 

In  order  to  describe  the  probe  calibration  procedure,  it  is  necessary  to  define  dimensionless 
parameters  as  follows: 


Pitch  Plane  Parameter  R  (upwash) 


Yaw  Plane  Parameter  Q  (sidewash) 


Q  = 


(81 


The  sign  convention  for  Q,  R,  a,  0,  and  v,  w  is  based  on  normal  wind-tunnel  conventions,  as  indicated 
in  Figure  2. 

Dynamic  and  static  pressure  parameters  P  and  S  are  defined  as  follows: 


P  = 


(9] 


S  = 


1-  c. 


P5 


c,-c 

p5  P 


(10) 


In  a  smooth  uniform  flow  directed  along  the  probe  axis,  C  is  equivalent  to  the  static 
pressure  measured  at  the  side  holes  on  a  pitot-static  tube,  and  Cp5  to  tne  total  pressure  measured  at 
the  probe  tip.  Thus  P  is  seen  to  be  equivalent  to  the  flow  dynamic  pressure  for  smooth  uniform  flow; 
in  general,  however,  P  is  a  measure  of  the  local  “dynamic”  pressure  when  the  real  flow  is  both  dis¬ 
turbed  and  oblique. 

Since  Cp5  is  a  measure  of  local  total  pressure,  then  1  -  C  s  is  a  measure  of  local  static 
pressure,  and  has  a  value  of  zero  when  the  probe  is  fully  aligned  with  the  flow.  The  parameter  S 
therefore,  is  a  measure  of  local  static  pressure  expressed  as  a  fraction  of  the  local  dynamic  pressure. 

It  is  important  to  emphasize  that  the  probe  reference  pressures  po  and  pT  must  be  measured 
at  the  same  corresponding  tunnel  wall  taps  during  calibration  as  in  flow  measurement;  usually  po  is 
the  working  section  sidewall  static  pressure,  and  pT  the  settling  chamber  total  pressure. 

2.4  Pitch  and  Yaw  Angles  of  the  Flow 

The  pitch  and  yaw  angles  to  which  the  probe  is  set  during  calibration  are  defined  as  a,  in 
the  upwash  plane,  and  0  in  the  sidewash  plane.  Other  angles,  0  and  0,  which  are  useful  in  interpreting 
calibration  data  are  illustrated  in  Figure  2,  and  are  defined  as  follows: 

9  is  the  angle  between  the  resultant  vector  and  the  probe  axis,  in  the  combined  a-0  plane  COA. 

0  is  the  roll  angle  BCA  of  the  component  resultant  velocity  vector  in  a  plane  normal  to  the 
probe  axis. 


A  relationship  between  these  angles  is  as  follows: 
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I 

i 

[  and  the  inverse  relations  are:  a  =  Arctan  (Tan  6  •  Cos  0 ),  0  =  Arctan  (Tan  8  *  Sin  <j>).  The  angle  8  is 

always  positive  in  the  range  0  <8  <  90°.  The  angle  0  is  always  positive  in  the  range  0  <  0  <  360°.  The 
;  angles  a  and  0  are  in  the  range  -  90°  <  a,  0  <  +  90°.  The  five-hole  probe  cannot  normally  be  used  to 

[  measure  flow  angles  outside  of  a  cone  angle  6  of  45°.  For  larger  flow  angles,  a  modified  calibration 

|  procedure  can  be  used,  or  a  seven-hole  probe. 

t 

> 

3.0  PROBE  CALIBRATION  CHARACTERISTICS 

j  In  calibrating  the  probe,  the  maximum  values  to  which  the  pitch  and  yaw  angles  a  and  0 

I  were  set  were  ±  45°.  The  response  of  each  set  of  side  hole  pressure  differentials  was  linear  up  to  about 

30  degrees  when  pitched  in  its  own  plane;  they  were  insensitive  to  small  departures  of  inclination  in 
the  opposite  plane.  A  typical  value  for  the  side-hole  sensitivity  is 
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Figures  (i)  -(x)  of  Appendix  A  show  the  response  of  each  individual  probe  orifice  in  terms 
of  either  the  resultant  angle  6  in  the  combined  pitch  plane,  or  the  roll  angle  0  in  the  probe  crosswind 
plane.  The  central  orifice  C  5  is  seen  to  be  affected  mainly  by  pitch  and  only  very  slightly  by  roll 
angle  0;  its  pressure  varies  from  full  total  pressure  in  unskewed  flow,  to  about  70%  of  this  when  the 
resultant  velocity  inclination  is  30  degrees.  As  the  inclination  of  the  resultant  velocity  increases,  the 
pressure  sensed  by  the  central  hole  drops  more  rapidly. 


The  pressure  in  any  of  the  peripheral  holes  changes  significantly  with  both  8  and  0.  When 
0  =  0°  or  90°  or  180°  or  270°,  i.e.,  the  resultant  flow  in  either  of  the  pitch  or  yaw  planes,  the  pressure 
on  the  windward  orifice  gradually  increases  until  total  pressure  is  achieved  near  8  =  45°. 
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At  the  same  time,  the  pressure  on  the  leeward  orifice  decreases  rapidly  as  suction  is  established  on  the 
probe  head  due  possibly  to  a  flow  detachment  on  that  side. 

If  the  probe  is  also  inclined  in  the  opposite  plane,  (0  <  0  <  90°)  the  characteristic  of  the 
windward  orifice  changes  considerably,  but  that  of  the  leeward  orifice,  not  so  much. 

The  calibration-parameters  P,  Q,  R  and  S  have  been  found  to  be  fairly  simple  functions  of 
the  resultant  pitch  angle  8  and  the  roll  angle  0.  Since  the  parameter  Q  is  sensitive  to  the  yaw  compo¬ 
nent,  and  R  to  the  pitch  component,  then  Q/R  should  be  zero  for  a  flow  with  no  yaw  component,  and 
large  for  a  flow  with  no  pitch  component.  Hence  Arctan  (Q/R)  is  a  measure  of  the  roll  angle  0  in  the 

plane  normal  to  the  probe  axis.  Similarly,  yj  Q2  +  R2  is  a  measure  of  the  magnitude  of  the  velocity 
vector,  and  should  be  approximately  independent  of  roll  angle  0,  for  a  resultant  flow  vector  that  lies 
on  a  cone  of  constant  semi-apex  angle  8 . 

The  angle  0  is  a  scalar  quantity,  and  is  determined  only  in  the  lower  left  cross-plane  quadrant 
as  shown  in  Figure  2.  The  velocity  components  as  determined  from  8  and  0  are  also  scalar  and  their 
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signs  and  the  signs  of  the  angles  in  the  a  and  j3  planes  must  then  be  assigned  according  to  the  signs  of 
Q  and  R  as  originally  determined  by  Equations  7  and  8.  The  actual  cross-plane  resultant  vector  (AC, 
Fig.  2)  will  in  general,  rotate  around  the  longitudinal  axis,  as  the  oncoming  flow  may  take  up  any 
orientation;  the  actual  relationships  between  the  roll  angle  0  and  the  parameters  Q  and  R  are  listed  as 
follows: 

if  Q  >  0,  R  >  0  then  0  is  as  calculated  from  Equation  (14),  i.e.  0  =  0  (14) 
if  Q  >  0,  R  <  0  then  0  =  180  -  0  (14) 
if  Q  <  0,  R  <  0  then  0  =  180  +  0  (14) 
if  Q  <  0,  R  >  0  then  0  =  360  -  0  (14) 

These  functions,  i.e.  Arctan|Q/R|  and  ^Q2  +  R2  are  shown  in  Figures  3(a),  3(b)  and  4, 
plotted  against  0  and  9  respectively.  The  dynamic  and  static  pressure  parameters  Pc  A  L  and  Sc  A  L  are 
also  functions  of  the  two  angles  9  and  0  and  are  illustrated  in  Figures  5  and  6. 

3.1  Empirical  Representation  of  the  Calibration  Data 

Empirical  expressions  which  satisfactorily  represent  the  average  of  Figure  3  (shown  as 
Fig.  3(a)  and  4(a))  experimental  data,  for  both  9  and  0  are  as  follows: 

Pitch  angle  9 

9  =  A,  yj  Q2  +  R2  +  A2  (Q2  +  R2  )  +  A3  (Q2  +  R2  )3/2  +  A4  (Q2  +  R2  )2  (13 

where 

A,  =  8.6603 
A2  =  0.9708 
A3  =  -  0.033444 
A.  =  0.019914 

4 

These  constants  are  for  a  typical  probe.  The  resulting  angle  9  is  in  degrees  (0  <  9  <  90°). 

Roll  angle  0 

0  =  B,  Tan'1  |||  +  B2  ^Tan  |^|)2  +  B^Tan"1  1^1^  +  B^Tan"1  |^|)  (14 


where  Tan  1 


is  in  radians,  and 


B,  =  95.825 
B2  =  -  75.034 
B3  =  33.981 
B4  =  -  1.2199 


The  resulting  angle  0  is  in  degrees  (0  <  0  <  90°).  The  signs  of  Q  and  R  will  determine  which  quadrant 
0  lies  in,  as  in  3.0  above. 


The  dynamic  and  static  pressure  parameters  PCAL  and  SCAL  can  also  be  represented  empir¬ 
ically  as  functions  of  0  and  0,  as  follows: 

Dynamic  pressure  parameter  PCAL  (0,  0)  as  determined  from  calibration 

pcal  =  c0  +  c,0  +  c202  +  c303  d5) 

where:  CQ  =  0.504  for  a  typical  probe 

C,  =  D,  +  D20  +  ,D302  +  D403  +  Ds04  +  Dfi05 
C2  =  Ej  +  E20  +  E302  +  ....  +  E605 

C3  =  F,  +  F20  +  F302  +....+  F605 

The  angles  0  and  0  are  in  degrees;  however  the  angle  0  is  limited  to  45°.  If  0  >  45°  as  determined  from 
Equation  (14),  then  the  complement  of  0  must  be  used  (i.e.  90  -  0),  in  Equation  (15). 

The  constants  Di,  Ei  and  Fi  are  presented  in  Table  I  for  a  typical  probe. 

Static  pressure  parameter  SCAL  (0,  0)  as  determined  from  calibration 

scal  <#.*)  =  G,02  +  G204  +  G306  +  G408  +  G50>°  (16) 

where:  Gj  =  +  J20  +  J302  +  J403  +  J504 

G2  =  K,  +  K20  +  K302  +  K403  +  K504 

G3  =  L,  +  L20  +  L302  +  L403  +  L504 

G4  =  M,  +  M20  +  M302  +  M403  +  Ms04 

Gs  =  N,  +  N20  +  N302  +  N403  +  N504 

where  0  and  0  are  in  degrees.  If  0  is  greater  than  45°  as  determined  from  Equation  (14),  then  the 
complement  of  0  is  used  (i.e.  90  -  0)  in  Equation  (16). 

The  constants  Ji,  Ki,  Li,  Mi,  Ni  are  presented  in  Table  II  for  a  typical  probe. 

4.0  USE  OF  THE  PROBE  IN  AN  UNKNOWN  FLOW 

In  normal  testing  technique,  the  five  orifices  of  the  probe  are  connected  to  a  differential 
transducer  via  sequential  porting  of  a  Scanivalve  system.  Tunnel  reference  pressure  po  is  on  the  back 
of  the  transducer,  and  tunnel  total  pressure  pT  is  also  scanned  in  sequence.  If  all  five  probe  orifice 
pressures  are  required  simultaneously,  then  five  transducers  and  Scanivalve  heads  can  be  used,  with 
tunnel  po  and  pT  both  connected  to  each  separate  unit. 
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Typical  flow  measuring  techniques  use  either  (a)  a  single  five-hole  probe  connected  to  a 
single  differential  pressure  transducer  mounted  in  a  single  Scanivalve,  (b)  a  single  probe  connected 
directly  to  five  differential  transducers  and  no  Scanivalve  is  used,  or  (c)  a  rake  of  five-hole  probes 
connected  to  five  transducers  mounted  in  five  Scanivalve  units.  In  all  cases  it  is  assumed  that  all  the 
pressure  transducers  are  referenced  to  tunnel  static  pressure  po . 

For  setup  (a),  the  five  orifice  p  assures  are  sampled  sequentially,  so  no  flow  computations 
can  begin  until  all  seven  pressures  are  sampled.  This  has  the  disadvantage  that  in  highly  unsteady  flows, 
the  flow  condition  that  existed  when  orifice  pressure  No.  1  was  sampled  may  not  be  the  same  as  when 
pressure  No.  5  is  sampled.  The  advantage  of  setup  (a)  is  that  only  a  single  transducer,  Scanivalve,  and 
ADC  (analog-to-digital  converter)  channel  are  required. 

The  usual  plumbing  hookup  is  with  tunnel  static  pressure  po  on  the  first  Scanivalve  port, 
pT  on  the  second  port  and  a  calibration  pressure  if  required  on  the  third.  Probe  pressures  No.  1  to 
No.  5  are  on  the  next  five  ports,  followed  by  the  reference  total  and  static  pressures  again  on  the  ninth 
and  tenth  ports  respectively.  This  type  of  hookup  allows  for  the  transducer  tare  to  be  measured  (even 
with  wind  on)  as  the  first  and  last  measurement,  so  that  transducer  drift  corrections  can  be  applied  to 
the  intermediate  measurements,  if  required. 

The  advantage  of  setup  (b)  is  that  all  seven  pressures  can  be  measured  simultaneously,  if 
seven  ADC  channels  are  used  and  the  windspeed  is  measured  at  the  same  instant.  Whereas  in  (b)  all 
seven  transducers  must  be  calibrated  by  a  separate  operation  before  any  measurements  can  begin, 
setup  (a)  provides  an  “on-line”  calibration  each  time  the  third  Scanivalve  port  is  sampled.  In  setup  (b) 
tares  can  be  measured  only  when  the  wind  is  off.  Calibration  of  the  five  transducers  in  this  case  can  be 
performed  by  sliding  a  piece  of  Tygon  tubing  tightly  over  the  head  of  the  probe  thus  applying  a 
known  pressure  simultaneously  to  all  five  channels. 

For  setup  (c)  using  a  rake  of  N  five-hole  probes,  each  of  the  Scanivalves  has  tunnel  static 
pressure  po  on  the  first  and  last  ports,  tunnel  total  pressure  on  the  second  and  next-to-last  ports,  and 
the  known  calibration  pressure  on  the  third  port.  Scanivalve  No.  1  is  connected  to  orifice  No.  1  of  all 
N  probes.  Scanivalves  No.  2,  3,  4  and  5  are  therefore  connected  to  orifices  No.  2,  3,  4  and  5  respec¬ 
tively  of  all  N  probes.  Five  ADC  channels  are  used,  and  a  total  of  (3  +  N  +  2)  Scanivalve  ports  are  re¬ 
quired  for  N  probes.  This  setup  has  the  advantages  of  (i)  on-line  wind-on  calibration  and  tares,  (ii)  the 
flow  computations  for  a  single  probe  can  proceed  immediately  the  Scanivalve  has  stepped  past  its  port, 
and  (iii)  drift  corrections  can  be  applied  at  the  end  of  the  stepping  sequence.  As  in  setup  (a)  however, 
windspeed  is  measured  only  at  the  beginning  and  end  of  the  sequence.  Also,  if  the  five  Scanivalves 
become  unsynchronized,  the  data  gathered  is  meaningless.  This  latter  problem  can  be  eliminated  with 
the  use  of  ganged,  multi-head  Scanivalves  driven  off  a  single  stepper  unit,  or  of  the  “wafer  switch” 
type  of  Scanivalve. 

A  modification  of  setup  (c)  using  seven  transducers  and  five  Scanivalves  provides  for  simul¬ 
taneous  measurement  of  windspeed  and  the  five  probe  pressures.  The  po  and  pT  transducers  must  be 
calibrated  separately  however,  and  seven  ADC  channels  are  required. 

With  the  seven  quantities  (po,  pT,  pi,  p2,  p3,  p4  and  p5)  available  from  the  pressure¬ 
measuring  system,  the  probe  calibration  routines  developed  in  Section  3.0  will  furnish  the  character¬ 
istics  of  the  unknown  flow  in  steps  (a)  to  (g)  as  follows: 

a)  Compute  probe  orifice  coefficients  Cp| ,  Cp2 ,  Cp3 ,  Cp4 ,  CpJ  and  Cp  from  Equations  (1)  to 

(6). 

b)  Compute  the  probe  dimensionless  parameters  P,  Q,  R  from  Equations  (9),  (8)  and  (7), 

respectively: 

P  =  C  e  -  C 
ps  p 


I 


B 


6 


At  this  point,  the  signs  of  the  parameters  Q  and  R  should  be  saved  in  the  program  for 
future  use. 

c)  Compute  the  pitch  and  roll  angles,  0  and  0  from  the  empirical  Expressions  (13)  and  (14), 
as  follows: 

0  =  Aj  V§2Tr2  +  A2  (Q2  +  R2)  +  A3  (Q2  +  R2)3/2  +  A4  (Q2  +  R2)2 
0  =  Bj  Tan-1  |^|  +  b2  ^Tan‘1  ||  |^2  +  B3  ^Tan'i  |^3  +  B4  ^Tan-i  | 

The  signs  of  Q  and  R  will  determine  the  correct  quandrant  for  0  as  in  3.0  above. 

d)  Compute  the  values  of  the  angles  a  and  0,  and  assign  their  signs  according  to  the  signs  of  Q 
and  R,  as  follows: 

a  =  Tan-1  J^Tan0  •  Cos^J  (1 

0  =  Tan”  i  [  Tan  0  •  Sin  0]  (1 

all  angles  are  in  degrees,  -90°  <  a,  0  <  +90°. 

e)  Compute  flow  dynamic  pressure  and  resultant  velocity  ratios  using  (Eq.  (9)  and  (15)),  as 
follows: 


Local  dynamic  pressure 


qlqj ' 


where  PCAL  (0, 0)  is  given  by  Equation  (15)  and  P  by  Equation  (9). 


Local  resultant  velocity 


f)  Compute  the  three  velocity  components  - ,  — ,  —  from  Equations  (20),  (13)  and 

V fj-  VT  V>n 

(14)  (see  Fig.  2),  as  follows: 

Longitudinal  velocity  component 


VT  Vj 


Cos  6 


Yaw  plane  velocity  component 


v  /VR\ 

—  =  (  —  1  Sin  6  •  Sin  0 

VT  \  / 


Pitch  plane  velocity  component 


—  ) Si 
VT  \VTj 


Sin  Q  •  Cos  <p 


The  signs  of  the  components  —  and  -  are  assigned  according  to  the  original  signs  of 

VT  VT 

Q  and  R  respectively,  as  determined  in  step  (b). 

g)  Compute  local  total  pressure  coefficient  in  the  unknown  flow 

The  flow  total  pressure  is  sensed  mainly  by  the  central  orifice  of  the  probe,  however  the 
magnitude  of  Cp5  must  be  corrected  for  the  effects  of  flow  inclination.  The  local  total 
pressure  coefficient  Cpt  is  then  computed  as  follows: 


where  SCAL  (0,  0)  is  given  by  Equation  (16)  and  P  by  Equation  (9).  The  local  static  pressure 
coefficient  Cpt  can  be  computed  as  follows: 


Cp.  =  Cpt  - 


5.0  CONCLUSIONS 

This  note  has  presented  a  method  of  calibration  and  use  for  five-hole  flow  direction  probes. 
Since  exploration  of  three-dimensional  airflows  frequently  involves  mixed  regions  of  both  propulsive 
and  highly  skewed  flows,  as  well  as  dissipative  wakes,  this  probe  technique  will  furnish  flow  angles  in 
two  planes,  three  velocity  components,  and  local  total  and  static  pressures. 


The  flow  conditions  under  which  this  calibration  was  done  corresponded  to  a  low  subsonic 
flow,  at  a  unit  Reynolds  number  of  106 .  The  calibration  constants  given  in  Tables  I  and  II,  and  other 
sections  of  this  note  refer  to  a  specific  probe  which  had  been  calibrated  some  time  ago,  and  which  is 
in  routine  use  presently  in  the  Laboratory.  In  general,  all  such  probes,  particularly  those  which  may 
have  head  configurations  different  than  that  specified  in  Figure  1  should  be  individually  calibrated. 
This  note  has  not  presented  any  details  about  the  calibration  installation  and  fixture  but  the  probe 
should  be  positioned  on  the  centreline  of  the  wind  tunnel,  with  degrees  of  freedom  in  upwash  (a)  and 
sidewash  (/3),  or  in  pitch  (0 )  and  roll  (0).  A  tunnel  test  section  sidewall  static  pressure  tap  and  a  settling 
chamber  total  pressure  probe  should  be  used  to  obtain  the  references  pressures  p0  and  pj.  respectively. 
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FIG.  2:  ANGLE  AND  VELOCITY  CONVENTIONS  FOR  A  FIVE-HOLE 
FLOW  DIRECTION  PROBE 
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FIG.  All:  PROBE  ORIFICE  PRESSURE  DIFFERENTIAL  (Cp3  -  Cp1)  -  UPWASH 
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